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Description 

BACKGROUND OF THE INVENTION 

5 fi) Reidofthe Invention 

The present invention relates to a process for preparing a solidified material containing a coal ash as a main com- 
ponent which can be suitably us6d as building materials such as panels for building, construction materials such as 
roadbed materials and crushed stones, artificial aggregates, and tiie lika 

10 

(ii) Description of the Related Art 

In thermal power plants and various factories utilizing coal as an energy source, a coal ash such as a fly ash is pro- 
duced in large quantities. Its amount is about 4,000,000 tons a year in Japan, and only about 40% of such a large 

IS amourit of tiie coal ash has been effectively utilized and its rest, i.e., about 60% of the coal ash has presentiy been dis- 
posed of. However, it is not always easy to secure a disposal place for the coal ash, and owing to the compensation of 
fishery rights and the establishment of a recycle law, to find the disposal place is more and more difficult Therefore, the 
effective utilization of the coal ash which will further increase in the future is an urgent theme. 

Heretofore, it has been suggested that the coal ash is utilized as one of inorganic building materials, as disclosed 

2o in Japanese Patent Application Laid-open Nos. 1 7247/1 988 and 305044/1 992. As a peculiar example, it has been sug- 
gested tiiat the coal ash is utilized as one mata-ial for artificial fish gathering places, as shown in a publication "Con- 
struction of an artificial submarine mountain with a coal ash", Nippon Kbgyo Shinbun K.K.. Jan. 26, 1993. Of these 
suggestions, in the case that the coal ash is utilized as a construction material such as the material for the artificial fish 
gathering places and as the building material, the use of a large amount of the coal ash can be expected. 

2S By the way. In the case that the above-mentioned coal ash is utilized as a construction material such as the material 
for ttie artificial fish gathering places or as the building material, the coal ash is usually mixed wttii cement and tiien 
used in either case. However, since a hydration reaction is utilized, the mixing ratio of the coal ash is not always high, 
tiiough tiie coal ash is used as the main material. If it is intended to heighten the mixing ratio of the coal ash up to 40% 
by weight or more, there is a problem tiiat the strength of an obtained solid deteriorates, and for this reason, the utiliza- 

30 tion of the coal ash is at most 40% by weight Furthermore. In this case, a large arrount of the cement is used, and so 
there is another problem that the dimaisional stability of the solid in water is poor. This can be understood to be due to 
a fact that elite (3CaO • SiO^, belight (2CaO • S\0^ and the like are contained in a cement clinker, and the hydration 
reaction is carried out between these components and the coal ash to produce a cafoium silicate hydrate gel (OS-H) 
and caldum hydroxide, buX since the rate of this hydration reaction is slow, tiie unreacted alight, belight and the like 

35 remain in large quantities In the solid. In addition, a large amount of calcium hydroxide is produced by the hydration 
reaction, but this hydrate is considered to have a t>ad influence on the dimensional stability. 

Here, Ihe dimensional stability of the solid in water is poor** means that a volume change of the solid in dry^et 
states is large. 

A technk;|ue can also be contrived in which a composition of the coal ash and the cement is cured in an autoclave. 

40 but when the 40% by weight or more of the coal ash is mixed, there is a prot)lem that the sti-ength of tiie solid cannot 
be sufficientiy exerted even by tiie autoclave curing. 

Furthermore, in tiie case of the Ixiilding material, weight reduction is required in addition to the enhancOTent of the 
strength and the improvement of the water resistance, dep&iding upon a use purpose. Generally, for the sake of the 
weight reduction, the building material has been prepared by curing a cement slurry containing a Mowing agent in an 

45 autoclave, anti the thus obtained material is excellent in fire resistance, heat insulating properties and sound insulating 
properties, and it Is forther light-weight Thus, this kind of material has been partially utilized as an autoclaved light 
weight concrete (ALC) in panels for building of houses and tiie like. Such a coal ash has been also partially utilized as 
the light-weigfit building material in the ALC arui the like. However. Its mixing ratio is not always high, and when the mix- 
ing ratio of the coal ash is heightened up to 40% by weight or more, a problem that the strength of the light-weight solid 

so deteriorates is present In addition, it also has a drawback that the dimensfonal stability to water is poor. 

With regard to the utiGzation of the coal ash solid as the ALC, since the converrtional ALC has a large porosity, there 
is a problem that a reinforcement material such as iron reinforcing rods is necessary in tiie case that the coal ash is 
used in, for example, a floor material which requires strength. Thus, it has been desired to develop the ALC having the 
sufficient strength even without using any reinforcement material. 

ss In view of the atxive-mentioned problems of the conventional techniques, the present invention has been made, 
and an object of the present invention is to provide a solidified material containing a coal ash in a high mixing ratio and 
having a good dimensional statsility to water, a high strengtii and a slight unevenness. Another object of the present 
invention is to provide a solkl having weight reduction properties in addition to tiie above-mentioned characteristics. 
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SUMMARY QF THE INVgrslTIQI^ 

According to a first aspect of the present invention, there is provided a process for preparing a solidified material 
containing a coal ash which conprises a first step of mixing the coal ash with a calcium compound to otJtain a mixture, 

5 and a second st^ of molding the n^xture to obtain a molded artide; the coal ash having a bulk denaty of 0.8 g/cm^ or 
more and an average partide diameter of 5 to 40 pm; an aluminum content in the coal ash being 35% by weight or less 
in terms of AI2O3; in the first step. 40 to 95 parts by weight of the coal ash being mixed with 60 to 5 parts by weight of 
the caldum conrpound: and after the second step, a third step being canned out in which the molded artide obtained in 
the second step is sul^ected to a hydrothermal treatment at a temperature of 120*»C or more under a high pressure 

10 Furthermore, according to a second aspect of the present invention, there is provided a process for preparing a 
solidified material containing a coal ash which comprises a f ir^ step of mixing the coal ash with a caldum compound 
to obtaih a mixture, and a second step of molding the mixture to obtain a molded artide; the coal ash having a bulk den- 
sity of 0.8 g/cm^ or more and an average partide diameter of 5 to 40 jun; an aluminum content in the coal ash being 
35% by weight or less in terms of AI2O3; in the first step, 40 to 90 parts by weight of the coal ash being mxBd with 60 

IS to 10 parts by weight of the caldum conpound. a blowing agent or a foaming agent and water; and after the second 
step, a third step being earned out in which the molded article obtained in the second step Is subjected to a hydrotfier- 
mal treatment at a terrqjerature of 1 20*C or more under a high pressure. 

According to the third aspect of the present invention, there is provided a process for pr^>aring a solidified material 
containing a coal ash which comprises a first step of mixing the coal ash with a calcium compound to obtain a rtitxture, 

20 and a second step of molding the mixture to obtain a molded artide; the coal ash having a density of 0.8 g/dm^ or more 
and an average particle diameto- of 5 to 40 pm; an aluminum content in the coal ash being 35% by weight or less in 
terms of AI2O3; in the first step, 40 to 90 parts by weight of the coal ash being mixed with 60 to 10 parts by weight of 
the caldum compound and water, and air bubbles being blown Into this mixture; and after the second step, a thiid step 
being carried out in which the molded artide obtained in the second step is subjected to a hydrothermal treatment at a 

25 temperature of 120^*0 or more under a high pressure. 

According to the fourth aspect of the present invention, there is provided a process for preparing a solidified mate- 
rial containing a coal ash which comprises a first step of mixing the coal ash with a caldum compound to obtain a mix- 
ture, and a second step of molding the mixture to obtain a moWed artide; the coal ash having a bulk density of 0.8 gfcnfi 
or more and an average partide diameter of 5 to 40 jim; an aluminum content in the coal ash being 35% by waght or 

30 less in tenns of AI2O3; in the first step, 1 0 to 90 parts by weight of the coal ash being mixed with 90 to 1 0 parts by weight 
of the calcium compound, a blowing agent or a foaming agent and water to obtain two or more mixtures which are dif- 
ferent froriri each other in at least one selected from the group consisting of the kinds and amounts of coal ash, cateium 
compound, blowing agent or foaming agent, and water; in the second step, the two or more mixtures being^molded in 
a laminate state; and after the second step, a third step being carried out in which the molded artide obtained in the 

35 second step Is subjected to a hydrothermal treatment at a temperature of 1 20*»C or more under a high pressure 

According to the fifth aspect of the present invention, there is provided a process for preparing a solidified material 
containing a coal ash which comprises a first step of mixing the coal ash with a caldum compound to obtain a mixture, 
and a second step of molding tite mixture to obtain a molded artide; the coal ash having a bu\k density of 0.8 g/cm^ or 
more and an average partide diameter of 5 to 40 nm; an aluminunri content in the coal ash being 35% by weight or less 

40 in terms of AI2Q3: in the first step, 10 to 90 parts by weight of the coal ash being mixed with 90 to 10 parts by weight of 
tile caldum compound and water to obtain two or more mixtures wtiich are different from each other in at least one 
selected from the group consisting of the kinds and amounts of coal ash, calcium compound and water, and a prede- 
termined amount of air bubbles being blown into each of the two or more mixtures; in tiie second step, tiie two or more 
mixtures being molded in a laminate state; and after tiie second step, a third step being canried out in which tfie molded 

45 artide obtained in the second step is subjected to a hydrothermal treatment at a temperature off 120**C or more under 
a high pressure. ^ 

In the process for preparing tiie sdidified material containing the coal ash of the present invention, the molded arti- 
de is preferably cured at 30 to 100**C, prior to ttie third step. FurthOTiore. as ttie above-mentioned caldum compound, 
there are preferably used one or more caldum compounds selected from the group consisting of caldum oxide, caldum 

so hydroxide, calcium cart)onate and caldum silicate. Here, the above-mentioned bulk density is a value measured in 
acconjance wrtti the procedure of JIS Z 2504. 

DETAILED DESCRIPTION OF THE INVENTION 

55 A process for preparing a solkiified material containing a coal a$h of the present invention comprises a first step of 
mixing ttie coal ash with a caldum compound to obtain a mixture, a second step of molding the mixture to obtain a 
molded artide, and a third step of subjecting the moUed artide to a hydrothermal treatment 

At a point of time when the coal ash and the caldum compound are mixed and then molded, the respective fine 
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partides are mutually cTisp^ed. and particularly in the case that a water content is suitable, they are mutually closely 
adhere. By. the subsequent hydrothenrol treatment Si02 component and the like in the coal ash are reacted with a cal-' 
cium component of a caldum compound such as CaO and water to mainly produce tobermorite (5CaO • GSiOg • 5H2O) 
and a caldum silicate hydrate gel (a OS-H geO between the respective! ine partides and on these partides. As a result, 

5 the solid becomes a hardened material having a small porosity and containing the tobermorite crystals as a main com- 
ponent, the C-S-H gel. the coal ash particles and the like which mutually strongly adhere to each other. 

Furthermore, when a blowing agent such as a metallic aluminum powder and water are added at the time of mixing 
the coal ash with tiie caldum compound, the Si02 component In the coal ash, the calcium component in the caldum 
compound and water are reacted with each other to produce tiie caldum silicate hydrate gel (the C-S-H gel) and cal- 

10 dum hydroxide, and this caldum hydroxide, the caldum compound, water and the blowing agent are reacted to gener- 
ate a gas (usually hydrogen), whereby air bubbles are formed in the mixture. In consequence, a soft ^ructure 
containing water and many pores can be obtained. In this structure, it can be presumed that the C-S-H gel and tiie 
remaining coal ash partides constitute its skeleton. Even if a foaming agent is used in place of the blowing agent, a sim- 
ilar structure can be obtiained. By the sut)sequent hydrothermal treatment, the C-S-H gel is reacted witii the remaining 

IS coal ash partides to produce the tobermorite crystals, with ttie result that a porous ligh^we!ght hardened material (a 
lightweight solidified material) can be obtained. 

The porosity of the solid can be controlled to a predetermined value by suitably changing the kind and amourrt of 
blowing agent or foaming agent whereby the strength and tiie weight reduction state of the solid can be adjusted. In 
addition, the kind and amount of coal ash and caldum compound and the amount of water to be added can also be 

20 changed In consideration of ttie strengtii of the solid and tiie pouring properties of the solid at ttie time of moteling. Sev- 
eral kinds of mixtures can be prepared whidi are different from each other in the kind or amount of blowing agent or 
foaming agent the kind or amount of coal ash, the kind or amount of caldum compound and the amount of water, and 
these nrwxlures can then toe molded into a laminate lo obtain a strong and light-weight solid (a light-weight multi-layer 
solid). 

25 In the preparation process of the present invention, preferable is the employment of the coal ash having a bulk den- 
sity of 0.8 Q/crrP or more, preferably 1.0 g/cm^ or more. If the bulk density is less than 0.8 gfcm^, the strengtti of tiie 
solid cannot be sufficiently exerted and the unevenness of the strength increases. The average partide diameter of the 
coal ash is preferatsly in the range of 5 to 40 ^m. more preferably 10 to 30 ^m. If tiie average partide diameter is less 
than 5 the sufficient strength csuinot be exerted, and if it is rfrore than 40 ^m, the strength of the solkl deteriorates 

30 and the unevenness of the Strength increases. 

These reasons are not definite, but it can be presumed that the coal ash contritjutes as an aggregate to the strength 
of the solid and most of tiie coal ash partides having the small bulk density are hollow, which leads to the deterioration 
of strength and the increase in the unevenness of the strength. The coal ash having an average partide diameter less 
than 5 iun scarcely remains as ttie coal ash partides after an autodave curing step which the hydrottiermal treat- 

35 ment. so that the coal ash does not contril3ute as the aggregate any more and so it does not lead to the improvement 
effect of the strength. On the other hand, the coal ash having an average particle diameter of 40 ^m remains as the coal 
ash partides even after the autodave curing, but it can be supposed that the partide diameter of ttie remaining coal ash 
is too large and hence the coal ash conversely functions as a defect The partide diameter distrftxitaon of the coal ash 
is preferably such that 60% of the partides are present in the range of 1/4 to 4 times of the average partide diameter in 

40 order to improve the strengtii and to decrease the unevenness of ttie strengtti. As the coal ash whk:h can be used, afly 
ash Is preferable in point of strength, but bottom ash can also be used after subjiscted to a grinding treatment 

With r^ard to the composition of the coal ash, an aluminum content is preferably 35% by weight or less in terms 
of AI2O3, more preferably 30% by weight or less. If the aluminum content is in excess of 35% by weight, the strength of 
the sdid may deteriorate and unevenness of the strength may increase inobnvenientiy. This can be considered.to be 

45 due to ttiat hydrogamet is liable to be formed in the solid by the autodave curing, and the formed hydrogarnet fonctions 
as a defect With regard to the ottier corrponents in the coal ash. an Si content is preferably in tiie range of 30 to 80% 
by wdght in temris of Si02, and an Fe content is preferably 15% by weight or less in terms of Fe203 from tiie viewpdnt 
of tiie strength. Moreover, even if an unljumed cartDon content is 5% by weight or more, there is no problem at all. As 
the coal ash,, there may be used not only the fine coal ash powder which can usually be formed but also the coal ash 

so which can be formed by a corrlksustion power geiieration system using a fluidized bed under atmospheric pressure or 
increased pressure. 

It is stated above tiiat the mixing ratio of the coal ash should be vyithtn the range of 40 to 95 parts by weight more pref- 
eraijly 70 to 90 parts by weight However. In tiie case that air bubl^es are formed in the sdid by the use of the blowing 
agent the foaming agent or the like to obtain the light-weight solid. It is desirable that the mixing ratio of the coal ash 
55 should be within the range of 40 to 90 parts by weigtit, more preferably 50 to 80 parts by weight Furthermore, in ttie 
case that the light-weight multi-layer solid is pr^^ared, it is stated that the mixing ratio of ttie coal ash shoutel be within 
the range of 10 to 90 parts by weight more preferably 30 to 80 parts by weight. If ttie mixing ratio of ttie ooal ash is less 
than the fower Emit of ttie above-mentioned range, the strengtti and ttie dimensional stabflity of ttie solkl is badly 
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affected, and if it is more than the upp&r limit of the range, solidification is difficult so that a strong state as the solid 
cannot be maintained. 

Examples of the calcium compound which can be employed in the present Invention include calcium oxide, calcium 
hydroxide, calcium silicate and calcium cartDonata These compounds can be used singly or a combination off two or 
more thereof. In view of the strength characteristics, the calcium compound is preferably used in the fbnn of particles 
having a particle diameter off 500 |im or less. Here, examples of the caldum sHicate include alight (3CaO • SiOg). belight 
(2CaO • Si02) and the like, and various kinds of portland cements such as common portland cements containing these 
silicates can also be used. Among these compounds; calcium oxide, calcium hydroxide and caldum siOcate are suitable 
from the view point of a functional effect Additionally, an ash formed by burning shells contains caldum oxide, and so 
it can be used in the present invention. Howa^er, caldum sulfate such as gypsum is not suitable for the present inven- 
tion, because a product other than the tobermorite will be formed. 

When the light-weight solid or the light-weight muftHayer solid is intended, an aluminum powder, a caldum powder 
or a lime chloride powder can be used as the blowing agent, but the employment of the aluminum powder is preferable. 
In view of the strength improvemerit, the amount of the blowing agent to be added is preferably in the range of 0.01 to 
1% by weight based on the weight of the solid, and the partide diameter of the blowing agent is prefOTbly in the rarige 
of 1 to 300 |im. Examples of the foaming agent which can be used in the present invention indude detergents (anionic 
surface active agents such as sodium lauryl sulfate, alkylairyl sulfonates such as sodium dodecytoenz^^Honate. 
alkylnaphthalenesulfonates and nonytphenoxydiethoxyethylsulfbnates, and nonionic surface active agents such as 
alkylaryisulfbnic acid, naphthalene alkylsulfbnate. pdyoxyethylene alkyi ethers, polyoxyethylene lauryl ether, fatty add 
diethanol amides, polyoxyethylene lanolin alcohol ether and polyoxyethylene lanolin fatty add esters), vegetaiaie and 
animal glues, saponin, modified glue naphttialene Ixjtylsulfonate. sodium isopropylsuHbnate. caldum chloride, alumina 
cement other surfiace active agents (polyoxyethylene alkylamine ethers and the like), and protein derivatives such as 
gelatin and casein. The employment off the anionk: or the nonionic surface active agent is preferable. The amount of the 
foaming agent to be used Is preferably in the range of 0.01 to 1% by weight. 

In order to mold the mbcture obtained in the first step into a predetermined shape, it is preferable from the view^ 
points of the strength improvement and moldability of the solid to add a predetermined amount of water to the mixture. 
The thus prepared mixture is then molded into the predetermined shape by press molding, extaision. casting, compac- 
tion molding or centrifugal compaction molding. The amount of water to be addiad is preferably in the range off 1 to 25% 
by weight for the press molding. 15 to 30%.by weight for the extrusion, 20 to 45% by weight for the casting, and 1 5 to 
40% by weight for the compaction molding with respect to weight of the solkJ. It is preferat)le to add 20 to 100% by 
weight of water, preferably warm water at 40*'C or more to the solid, because the strength of the solid can be improved 
and the air txibbles can be uniformly dispersed. In this case, the molding is preferably carried out by the casting. 

In the case that the foaming agent is used in place of the blowing agent, the coal ash is mixed with the caldum com- 
pound, and 20 to 100% by weight of water, preferably warm water at 40*^0 is added to the solid to prepare the mixture 
(a sluny). Next the foaming agent is added to this slurry, axtd the mixture is then vigorously stirred to generate air but>- 
bles (a mix fbam method). Alternatively, fine air butables previously formed by the use off tiie foaming agent may be intro- 
duced into tiie slurry prepared as descrit»ed above (a prefbam method). 

In preparing the mixture, a binder and admixtures (a water redudng agent, a wat^ retaining agent a waterproofing 
agent a superplastidzer. a shrinkage reducing agent and the like) may be added, and for the sate of the inprovement 
of the strength of the solid, the adjustment off spedffic gravity and ttie decrease of cost, there can be added a siliceous 
sand, ail igneous rock, a blast furnace sludge, a peariite. scraps of the ALC. a glass fiber, a fiber and a pulp. Examples 
of the binder indude metiiyl cellulose, efliyl cellutose, cartxixylmethyl cellulose, hydroxyetlTyl cellulose and polyvinyl 
alcohol. Examples of tfie admixtures indude alkylaryisulfbnic acid, a high condensate of formalin naphthalenesuHbnate. 
a co-condensate of naphthalenesuHbnic add and ligninsuHbnic acid, an alkylarylsulfonate polymer, an alkylarylsul- 
fbnate, a condensate of diethylnaphthalene and formalin, a co-condensate of an olefin and maleic anhydride, a pdycar- 
bonate and a modified mettiylol melamine condensate. In the case ttiat the light-weight soiki or the lighHweight multi- 
layer solkl IS formed by the use of the blowirig agent a foam stabilizer and the surface active agent may be added. 

In the case of the casting, the compaction molding or ttie like, the solid can be reinforced by castmg tiie slurry into 
a frame in which a reinforcement such as iron reinfbrdng rods has previously been set up. 

In the case of the casting, the compaction nrokling or the press molding, slurries arrcl partides having different com- 
ponents can be divided into several portions and then cast into tiie frame, tiiereby obtaining tiie solid having a laminate 
structure which comprises many layers of different components, hi consequence, the surface of tiie solid can be 
colored, and so tiie tiius colored sdid can be appfied to pedestrian plates for roads. buiWing materials and tiie like in 
vtrhich appearance is regarded as important If the amount of an aggregate or the porosity is continuously changed, the 
solid having the indination of the strength can be obtained. 

The lighrt-weight multi-layer solid comprising many layers having different porosities can be prepared by pouring tiie 
slunies having different kinds and different amounts of blowing agent into the mokl in turn. A pouring time of each slurry 
shoukf be wittiin 2 houra from tiie viewpoints off tiie strength. In oonskieration off ttie strengtii and a water absorption. 
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the slurry which is poured to the outer surfeice portion of the mold (the upper surface portion or bottom surface portion 
of the mold) preferat^ly coritains neither the blowing agent nor the foaming agent It is preferatile in point of the strength 
that the porosity distribution of the solid contirtuously changes, and hence regulation is. preferably made so that the 
amounts of the blowing agent or ttie foaming agent in the respective slurries may continuously change. The distrilxjtion 

5 of the porosity can be mainly dassfied into 4 types, i.e.. (1) a type in which the porosity between two layers of the solid 
changes in the state of a low level ^ a high level. (2) a type in yvhich the porosity between the two layers changes in 
' the state of a low level a high level a low level, (3) a type in which the porosity between the two layers changes In 
the state of a high level -> a low level a high level, and (4) a mixed type of the above-mentioned (1), (2) and (3). The 
above-mentioned type (2) is. not suitable for an outdoor tee. because the cfimensional stability and the strength are 

10 slightiy poorer than any other typa In addition, the solid having some layers in a direction vertical to the bottom surface 
can also be prepared by putting some dividers in the frame. In the case that the blend ratio of the coal ash to the calcium 
compound is changed every layer, it is preferable in point of the strength to continuously change the blend ratio. 

As descrit>ed above, tiie soft structure having different porosities, pore cfiameters or pore shapes in some portions 
thereof in the state of the foamed solid can be obtained by molding a plurafrty of slunies having different porosities and 

15 coniponents into a laminate. It can be presumed that in this structure, the C-S-H gel and the remaining coal ash parti- 
cles form a skeleton. 

The strength of the thus foamed structure can t5e enhanced by the crystalline tobermorite produced by the reaction 
of the OS-H gel with the remaining coal ash particles in a subsequent autoclave curing step, Rnally. rr^ny pores are 
dispersed in a matrix containing the tobermorite as a main component the coal ash particles and the C-S-H gel to 

20 obtain the structure in which the porosity, the pore diameter or the pore shape is different in its respective portions. 

In the case of the casting or the compaction molding, during pouring the slurry into the mold; vibration can be given 
to the mold so as to inhibit the introduction of air bubbles by the pouring, which is preferable to improve the strength and 
to maintain tiie shape of a molded article. With regard to the vibration, amplitude is preferably in the range of 0.1 to 5 
mm. and oscillation frequency is preferably in the range of 500 to 50 Hz. 

25 In the process for preparing the solid according to the present invention, the molded article which has been 
obtained by the above-mentioned procedure is subjected to a hydrothermal treatment but as this hydrothermal treat- 
ment an autoclave treatment is us,ually carried out It is necessary that the treatment of the temperature by. the auto- 
clave is 120''C or more, more preferably 130 to 250*^0. A treatment time is preferably 2 hours or more, more preferably 
5 hours or more. When the temperature of saturated vapor is 120**C, an absolute pressure is about 2 kg/cm^. In the 

30 case that the treatment temperature is lower than 120''C. the strength of tiie soPid cannot be sufficiently exerted, and 
the dimensional stability to water also deteriorates. 

This can be considered to be due to a fact that tiie tobermorite having the strength improvement effect is not suffi- 
cientiy produced and calcium hydroxide and calcium silicate which have a bad influence on the dimensional stability 
remains in large quantities. In this connection, the C-S-H gel also seems to take part in the deterioration of the dimen- 

35 sional stability. That is to say, at a treatment temperature of less than 120**C. the production of the tobermorite is insuf- 
ficient and instead the anraunt of the remaining C-S-H gel increases. A water content in the C-S-H gel depends largely 
upon whether it is in a dry or a wet state, and thus it can be presumed that the volume of the solid largely varies with 
the water content, so that the dimensional stability deteriorates. The reason wfiy the dimensional stability tends to dete- 
riorate in the case of the low mixing ratio of the ooal ash can be considered to be due to a fact that calcium hydroxide. 

4o calcium silicate and tiie C-S-H gel remain in large quantities in the solid, it is not prefersdble that the autoclave treatment 
is carried out while the molded article is immersed in water. When the blowing agent or the like is used, it is preferable 
in points of the strength and the dimensional stability that the autoclave treatment is carried out after tiie completion of 
the foaming. 

In particular, when calcium carbonate is used as the calcium compound, the strength and particulariy a freeze-thaw 
45 resistance can be improved by doing the autoclave treatment in a condition where an alkEdl is contained. This reason is 
riot definite, but it can be supposed that the reaction of the coal ash with the calcium compound is accelerated in the 
presence of the alkali, so ttiat a reaction product such as the tobermorite tightly adheres. Examples of the ali^ll include 
hydroxides of alkali metals (NaOH. KDH and tfie like), cartxinates of the alkali metals (IMa2C03 and the like) and ammo^ 
nia. Of tiiese compounds, the hydroxides of the alkali metals, ammonia and the carlsonates of the alkali metals are pref- 
50 eratile in this order from the viewpoint of a functional effect. Among them, the hydroxkles of the alkali metals are 
preferable, and above all. sodium hydroxide is more preferable. An alkali content is preferably in.the range of 0.001 to 
20% by weight more preferably 0.1 to 10% by weght with respect to the weight of the coal ash in the molded article. 
By adjusting the alkali content in this range, the solid which is excellent in strength, dimensional stability and freeze- 
thaw resistance can be obtained. The alkali can be introduced into the molded ar^de by a means of adding an alkali 
55 powder or an aqueous alkali solution to the above-mentioned mixture or a means of impregnating the molded article 
with the aqueous alkali solution, and the latto' means is more preferable. 

Prior to the hydrotiiermal treatment the molded article can be cured at 30 to lOO^'C, preferably 40 to 90«C for 2 
hours or more, pr!Bferat)ly 5 hours or more, which is preferable to irrprove the strength of the soGd. Furthermore, the 
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hydrothermal treatment can t>e advantageously given to the solid removed from the mold. When the Irfowing agent or 
the foaming agent is used, a curing time Is preferably set to 1 hour or more, more preferat>ly 3 hours or mora In this 
case, a time taken until a semi-plastic state (which is such a soOdification state that ttie article can be removed from the 
mold and can be cut with a piano wire) has been reached can be shortened, and so there is an advantage that the pores 
can be uniformly cfispersed. Furthermore, when the blowing agent is used, the foaming can be promptly completed. As 
the curing technique, there are wet curing, fresh water curing, spray curing, film curing and the like, but the wet curing 
and the fresh water curing are preferabia 

Since the coal ash solid obtained by the process of the present invention has a high compressive strength, for 
example. 400 kg/cm^ or more and the decreased unevenness of the strength, the solid can be applied to concrete arti- 
cles such as concrete panels and concrete stakes in which the high strength is required. Furthermore, the coal ash splid 
has the good dimensional stabirrty to water, it is possible to use the same in a watering place. Therefore, when the coal 
ash solid obtained by the process of the present invention is ground into a predetermined particle diameter by a roll 
crusha-, a jaw crusher or the like which is usually used, the ground solid can be utilized in large quantities in many fields 
as aggregates aich as panels for buikling. construction materials such as roacfoed materials and crushed stones, arti- 
ficial aggregates and the like. Thus, the utilization of a large amount of the coal ash is possible. In addition, the light- 
weight multi-layer solid obtained by tiie process of tiie present invention can be utilized as construction naterials such 
as water-permeable pedestrian plates. 

In the case that the blowing agent or the foaming agent is used, tiie solid can possess a structure in which many 
pores are cfispersed in a matrix containing the tobermorite as a main component, the coal ash particles and the C-S-H 
gel. The thus obtained solid has the high strength and the small unevenness of the strength, though it contains many 
pores therein. The solid is also excellent in dimensional stability to water and is so light-weight that an absolute dry bulk 
density is 1 .0 or less in flie case of the light-weight solid and 1 J2 or less in tine case of the light-weight multi-layer solid. 

The solid containing the air but>t2les has excellent sound absoriDlng properties, sound insulating properties, heat 
insulating properties and non-combustibiFity. In general, the acoustic material which is excell^ in sound absorijing 
properties has a high porosity and so it is low in strengtii {e.g., compressive strength = about 10 kg/cm^. Accordingly, 
the solid has been presentiy placed in a support such as an iron frame to compensate tfie \acM of the strength. The light- 
weight multi-layer solid of the present invention exerts tiie excellent sound absorbing properties and has the high 
strength, and therefore it can be used without the support. Thus, the light-we'ght multi-layer sofid can be used to man- 
ufacture an artide simytaneously having two mechanisms of a wall material and a soufkI absortsing material. There- 
fore, the number of steps for the manufacture process can be remarkably reduced, which is advantageous in point of 
cost 

In order to use the sond as tiie absorbing plate, tiie absolute dry txilk density of the solid is preferably in the range 
of 0.2 to 0.5. The pores in the solid have an average pore diameter of 100 to 1000 jim. and the respective pores pref- 
erably communicate with each other. The communication of the pores can be achieved by setting the at>solute dry bulk 
density of the solid to 0.2 to 0.5 and by adding the following surface active agent together witii the Ijlowing agent or the 
foaming agent to the slurry. Examples of the surface active agent include polyoxyetiiylene alkyi ethers and their saHs, 
polyoxyethylene nonylphenyl ethers and tiieir salts, alkylbenzenesulfonates, fatty ackl diethanol amides, alkylsutlates, 
sulfonates, soaps, water glass, resins arxj saponin. Furthermore, it is preferable to add an air bubble stabilizer such as 
polyvinyl alcohol or mettiyl cellulosa 

As is apparent from the aforesaid description, according to the present invention, a solid containing a coal ash can 
be obtained which has a high mixing ratio of the coal ash. a good dimensional stability to water, high strength, arxj the 
limited unevenness of the strengtfi. Thus, the solid of the present invention can be applied to many fields as building 
materials, construction materials, artificial aggregates and the like. Furthermore, a laminated solid having the above- 
mentioned characteristics, weight reduction properties, a different pore distribution and the like can also be ot>tained. 
and ttiis kind of laminated sdkJ can be suitably applied to building materials such as panels, blocks, bricks guid acoustic 
plates, artificial light-weight aggregates and ttie lika In consequenca the coal ash which is an indu^rial waste can be 
effectively utifized in large quantities by the present invention, so tiiat the conventional hard and froublesome problem 
of treating the coal ash can be solved or relieved. Hence, the effect of the present invention is extremely large. 

Next, the present invwrtion will be described in more detail with reference to examples, but ttie scope of the present 
invention should not be limited to these examples. 

Examples 1 to 16 

Ry ashes as coal ashes having a bulk density of 0,8 to 1 .4 g/cm^ and an average particle diameter of 5 to 40 ^m 
(components: 30-80% by weight of Si02. 1 8-35% by weight of AI2Q3 and 15% by weght or less of Fe^O^ were used, 
and 4 kinds of cafoium oxide, calcium hydroxkia caldum cartwnate and common portiand cement having an average 
partide diameter of 1 to 100 pm were used as caldum compounds. These materials were mixed in various weight 
ratios, and 10 to 30% by weight of water and a vi«ter redudng agent were further added thereta thereby obtaining var- 
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10 



15 



20 



25 



icms kinds of mixtures. 

Each mixture was subjected to press molding or casting to obtain molded articles having a disc shape (diameter = 
120 mm and thidviess = 50 mm). In the case of the press molding, the articles vi&e molded under a press pressure of 
50 fcg/cm^, and curing was then carried out at eC'C for 20 hours in a wet condition. In the case of the casting, a slurry 
was cast into a moid,_and the curing was then canied out at eC'C for 20 hours in a wet condition. Next, the thus molded 
articles were subjected to an autoclave treatment at 120 to 270*'C for 20 hours to prepare sojids containing the coal 
ashes. 

Table 1 shows bulk densities and average particle diameters of the coal ashes, aluminum contents in the coal 
ashes,, kinds of caldum compounds, blend amounts of the coal ashes and the calcium compounds, and temperatures 
of the autoclave treatment In this connection. In Examples 1 and 13, the curing in the wet condition was not done. 

For the thus obtained solids, appearance was observed, and compressive strength and dimensional stability to 
water were also measured. Table 1 shows the results of these tests. The tests were carried out by the folkswing proce- 
dures. 

VVith regard to the appearance of the respective solids, the state of damages such as cracks and the state of shape 
retention were otsserved, and the solids having the good appearance were judged to be O- solids having the 

bad appearance were done to be X. 

The compressive strengtii vvas measured by setting metal plates having a diameter of 50 mm to the upper and 
lower surlaces of each disc, and then applying a certain pressure to the metal plates in accordance with JIS A 1 108. 
That is to say, an average of the measured values of 10 samples was regarded as the compressive strengtii, and its 
standard deviation was regarded as unevenness. 

The dimensional stability was measured in accordance with JIS A 5418. That is to say. samples for the measure- 
ment having a size of 40 x 50 x 100 mm were cut out from the obtained solids, and these samples were placed in a 
drying oven arKi then dried at 60**C for 24 hours. Afterward, the samples were cooled to ordinary temperature in a des- 
iccator and tiien immersed in water at ordinary tenperature for 24 hours. Next, a dimensranal change of each sample 
was measured and expressed in percent 



Table 1 (I) 



30 


Example 


^daterial Component (wt%) 




Coal Ash 






Amount of Coal Ash 
(wt%) 


Bulk Density (g/cm^) 


Average Particle Diame- 
ter Oim) 


Amount of AI2O3 (wt%) 


35 


1 


95 


1.1 


13 


21 




2 


90 


1.3 


22 


30 




3 


85 . 


0.8 


18 


26 




4 


85 


1.4 


20 


23 


40 


5 


80 


1.0 


5 


29 




6 


80 


1.1 


10 


30 




7 


70 


1.2 


40 


18 


4S 


8 


70 




16 


18 




9 


75 


1.0 


29 


35 




10 


75 


1.1 


27 


25 




11 


70 


1.3 


12 


21 


SO 


12 


70 


1.3 


10 


20 




13 


80 


1.1 


30 


24 




14 


80 


1.1 


30 


23 


55 


15 


40 


1.3 


16 


20 




16 


70 


1.2 


27 


22 
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Table 1 (11) 



5 


cj(ampie 


maier loi VyOi 1 i|joneiu ynv^) 


Auiociave uunng lenrqsi 
CO) 




Ca Compound (kind and 
wt%) 




10 


1 


2(a)3{b) 


160 




2 


10(a) 


180 




3 


15(b) 


180 


IS 


4 


15(b) 


180 


5 


20(c) 


160 




6 


20(c) 


160 




7 


15(a) 15(b) 


140 


20 


8 


15(a) 15(b) 


140 




9 


20 (b) 5 (c) 


150 




10 


20 (b) 5 (c) 


150 




11 


20 (c) 10 (d) 


140 


25 








' 12 


20(c) 10(a) 


140 




13 


20(b) 


270 




14 


20(b) 


200 


30 


15 


30 (a) 30 (b) 


140 




16 


30(b) 


120 


35 


Note: In the 'item of Ca Compound, (a) means common portland 
cement (b) means CaO, and (c) means gypsum. 



40 




45 



SO 
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Table 1 (HQ 



ChafBCteri^cs 


Exarrmle 




Compressive Strength (kg/cm^ 


L^llTleflolljncll OlcUJlUiy \ 








ijn6verin6So 




1 




*H/ 1 


1^ 

19 


fl AIR* 


2 


r\ 




ly 


U.U 1 u 


o 
o 








U.U lU 


A 
•r 


\J 


DOO 


^1 


n AAO 


e 
O 


D 




o/\ 
2U 


U.011 


o 






25 


O.OlJo 


7 




715 




U-0 i3 


8 


O 


806 


25 


0.011 


9 


o 


659 


29 


0.014 


10 


o 


774 


25 


0.013 


11 


o 


682 


29 


0.016 


12 


o 


761 


20 


0.012 


13 


o 


588 


20 


0.019* 


14 


o 


701 


22 


0.010 


15 


o 


696 


21 


0.017 


16 


o 


510 


19 


0.015 



* The curing was not canied out 



Ex^nTple9l7tQ3g 

35 

Slurries for molding were prepared under conditions that the mixing ratio of coal ashes was set to 40-90% by 
weight the mixing ratio of calcium compounds was set to 60-10% by weight and after the mixing of a blowing agent, 
water was added thereto in an amount of 20 to 1 00% by weigtit based on the weight of a solid content. Ry ashes having 
a bulk density of 0.8 to 1 .4 g/on^ and an average particle diameter of 5 to 40 ixm (components: 30-80% by weight of 

40 SiO^, 1 9-35% by weight of AI2O3 and 1 5% by weight or less of Fe203) were used as the coal ashes, and 4 kinds of cal- 
cium oxide, calcium hydroxide, calcium cartx^nate and common portland cement were used as the calcium compounds. 
Furthermore, as blowing agents, an aluminum powder and a calcium powder were used in an amount of 0.01 to 1% by 
weight based on the weight of the solid content. Each siunry was poured into a mold, and then foamed and cured at 40 
to 90^*0 for 20 hours in a wet state, followed by solidification. However, in Examples 26, 30 and 31, the foaming was 

45 made at ordinary temperature without the curing. The thus obtained solids were then subjected to an autoclave treat- 
ment at 120 to 270''C for 20 hours to prepare light-weight solids containing the coal ashes. 

Table 2 shows bulk densities and average particle diameters of the coal ashes used in the respective exanples. 
aluminum contents in the coal ashes, kinds of caldurn compounds, blend amounts of the coal ashes and the calcium 
compounds, and temperatures of the autoclave treatment 

so For the thus ot>tained solids (40 x 40 x 160 mm), appearance was observed, and compressive strength, absolute 
dry bulk density arvi dimensional stability to water were also measured. Table 2 shows the results of these tests. The 
tests were carried out by the following procedures. 

The appearance was judged by the same procedure as in Examples 1 to 16. 

The compressive strength was measured by setting metal plates having a diameter of 50 mm to the upper and 
55 lower surfaces of each rectangular parallelepiped, and then applying a certain pressure to the metal plates in accord- 
ance with JIS A 1 108. as in Examples 1 to 16. 

The dimensfonal stablfity was measured in accordance with the procedure of JIS A 5418. That is to say, samples 
were placed in a drying oven and then dried at 60**C for 24 hours, and aftenvard. the samples were cooled to ordinary 
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temperature in a desiccator arnJ then allowed to absorb water at 20^*0 for 3 days. After the measurement of the dimen- 
sion, the samples were allowed to stand at a temperature of 20**C and a relative humkiity of 60%, and when a water 
content in each sample was 40% or less, the cfimension of the samplid was measured. Oh the basis of the measured 
dimension values of each sample before and after the water absorption, a dimensional change of each sample was 
expressed in percent 

The absolute dry bulk density of the solids was measured in accordance with JIS A 5416. 



Table 2 (I) 



Example 


Material Component (wl%) 




Coal Ash 




Amount of Coal Ash 
(wt%) 


Bulk Density (g/cm^) 


Average Particle Diame- 
ter (jim) 


Amount of AI2O3 (wt%) 


1 / 


90 


1.2 


15 


24 


iQ 

lO 


80 


1.3 


10 


25 




80 


0.8 


11 


20 


on 


80 


1.4 


13 


21 


Oi 


50 


1.0 


5 


30 


OO 


OU 


l.U 


IO 


29 


<fo 


70 


1.2 


40 


30 


24 


70' 


1.3 


25 


28 


25 


70 


1.0 


24 


35 


26 


80 


0.9 


10 


24 


27 


. 60 


1.3 


30 


30 


28 


60 




29 


28 


29 


70 


1.2 


26 


29 


30 


80 


1.0 


11 


24 


31 


50 


1.3 


7 


33 


32 


40 


1.3 


16 


30 


33 


55 


1,3 


18 


28 


34 


65 


1.1 


22 


19 


35 


65 


1.1 


24 


20 



70 



75 



20 



25 



30 



35 



40 



45 



Table 2 (II) 



50 



55 



Example 


Material Component 
(wt%) 


Autoclave Curing Temp. 
(*C) 


Characteristics 




Ca Compound (kind and 
wt%) 




Appearance 


17 


10(a) 


130 


P 


18 


20(b) 


130 


0 


19 


10(a) 10(c) 


200 


0 


20 


10(a) 10(c) 


200 


0 
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Example 


Material Component 
(wt%) 


Autoclave Curing Tempi 
(•C) 


Characteristics 


5 




Ca Conpound (kind and 
wl%) 




Appearance 




21 


40 (a) 10 (b) 


180 


o 




22 


40 (a) 10(b) 


180 


o 


10 


23 


10(a) 10(b) 10 (c) 


150 


p 




24 


10(a) 10(b) 10(c) 


150 


6 




25 


30 (c) 


150 


o 


IS 


26 


20(a) 


130 


o 


27 


20 (a) 20(d) 


160 


o 




28 


20 (a) 20(b) 


160 


o 




29 


30(b) 


270 


o 


20 


30 


20 (a) 


160 


o 




31 


20 (a) 30 (c) 


160 


o 




32 


30 (a) 30 (b) 


180 


o 


25 


33 


25 (a) 20 (b) 


180 


o 




34 


20 (a) 15(b) 


120 


o 




35 


20 (a) 15 (b) 


180 


o 


30 


Note: In the item of Ca Compound, (a) means common portland cement, (b) means 
CaO. and (c) means gypsum. 
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Table2(lll) 



5 


Example 


Characteristics 






Mijouiuie Liry DuiK ijsn* 
sHy 


Conrpressive Strength (kg/cm^ 


Dimensional Stability (%) 








Compressive Strength 


Unevenness 




10 


17 


1.00 


230 


26 


0.015 




18 


0.90 


232 


22 


0.008 




19 


0.81 


164 


18 


0.011 




20 


0.79 


187 


16 


0.012 


15 


21 


0.35 


41 


5 


0.026 




22 


0.36 


53 


4 


0.024 




23 


0.74 


144 


17 


0.016 


20 


24 


0.72 


166 


- 12 


0.014 




25 


0.60 


100 


12 


0.019 




26 


0.85 


194 


22 


0.013* 




27 


^0.50 


71 


8 


0-021 


25 


28 


.0.51 


83 


6 


0.017 




29 


0.73 


142 


12 


0.016 




30 


1.00 


263 


29 


0.013* 


30 


31 


0.63 


99 


12 


0.019* 




32 


0.30 


35 


3 


0.029 




33 


0.30 


39 


3 


0.023 




34 


0.45 


58 


5 


0.026 


35 


35 


0.46 


70 


6 


0.018 



* The curing was not carried out 



40 Examples 36 to 49 

In each example, 3 kinds of slurries were obtained in which mixing ratios of a coal ash to calcium compounds and 
kinds of blowing agents were different Each slurry was otstained by mixing the coafash with the calcium compound, 
further mixing a blowing agent in an amount of 0 to 0.7% by weight based on the weight of a solid content and then 

45 adding water in an amount of 20 to 100% by weight based on the weight of the solid content A fly ash having a bulk 
density of 0.8 g/cm^ or more and an average partkde diameter of 5 to 40 pm (components: 30-80% by weight of SiOa. 
35% by weight or less of AI2O3 and 1 5% by weight or less of FeaOa) was used as the coal ash, and 4 kinds of calcium 
oxide, calcium hydroxide, calcium cart>onate and common portiand cement were used as the calctuni compounds. Fur- 
thermore, as the tjlowing agents, an aluminum powder and a calcium powder were used. 

50 Each of the 3 kinds of slurries was poured into a mold (bottom surface = 90 x 1 50 mm) to form 3 layers, and foaming 
and curing were then carried out at 40 to SO^'C for 20 hours in a wet state, followed by solidification. In Examples 36 to 
45, the thickness of the respective layers was set to 30 mm. and in Examples 46 and 47, the thicknesses of the first, 
second and third layers were set to 10 mm. 70 mm and 10 mm, respectively Moreover, in Examples 48 and 49, the 
thicknesses of the first second and third layers were set to 20 mm. 50 mm and 20 mm, respectively. In Examples 44 

55 and 49, the curing was not made prior to the molding, and the foaming was carried out at ordinary temperature The 
molded solids were subjected to an autoclave treatment at a temperature of 1 0O^'C or more for 20 hours to prepare lijght- 
weight multi-layer solids containing the coal ash and having 3 l^ers. 

Tables 3 and 4 show the kinds of calcium oonrpounds, the blend amounts of the coal ash and the catetum com- 
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pounds, and the amounts of the blowing agent to be added every layer. In addition, the temperatures of the autoclave 
treatment are also shown. 

For the thus obtained solids (SO x 90 x 1 50 mm), appearance was observed, and compressive strength and abso- 
lute dry bulk density were also measured. Tables 3 and 4 show the results of these tests. The tests were carried out by 
5 the following procedures. 

With regard to the appearance of the respective solids, judgement was made by the same procedure as in Exanv 
pies 1 to 16. 

The conpressive strength was measured by setting metal plates of 90 x 90 mm to the upper and lower surfaces of 
each rectangular parallelepiped, and then applying a certain pressure to the metal plates in accordance wHh JIS A 
10 1 108, as in ExEunples 1 to 16. 

The absolute dry bulk density of the solids were measured in accordance with JIS A 5416. 



Table 3 (I) 



IS 


Example 


Material Component (wt%) 


Autoclave Curing Temp. 
(*»C) 






Ca Compund (kind and 
wt%) 


Coal Ash 


Blowing Agent 




20 


36 


45 (a) 45 (b) 


10 


0.00 


130 






45 (a) 45 (b) 


10 


0.20 


130 






45 (a) 45 (b) 


iO 


0.35 


130 


25 


37 


40 (a) 30 (b) 


30 


0.00 


130 




4d (a) 30 (b) 


30 


0.05 


130 






40 (a) 30 (b) 


30 


0.19 


130 




38 


50 (a) 


50 


0.00 


150 


30 




30 (a) 20 (c) 


50 


0.07 


150 






20 (a) 30 (c) 


50 


.0.30 


150 




39 


20(a) 


80 


0.00 


180 


3S 




20(a) 


80 


0.07 


180 






20 (a) 


80 


0.27 


180 




40 


10(a) 


90 


0.00 


200 






10(b) 


90 


0.07 


200 


40 




10(b) 


90 


0.25 


200 




41 


40 (b) 30 (d) 


30 


0.00 


150 






40 (b) 30 (d) 


30 


0.30 


150 


45 




40 (b) 30 (d) 


30 


0.70 


150 




42 


30 (a) 20 (c) 


50 


0.00 


150 






30 (a) 30 (b) 


40 


0.05 


150 






30 (a) 40 (b) 


30 


0.20 


150 


SO 


43 


30(a) 


70 


0.00 


120 






30(b) 


70 


0.04 


120 






30(b) 


70 


0.26 


120 


ss 


Note 1 : In the item of Ca Ckmpound, (a) means common portland cement, (b) means CaO, (c) means Ca(OH)2, 
eUid (d) means CaCOa- 

Note 2: in the item of Material Component, the order of pouring is denoted by upper, middle and lower steps. 
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Table 3 (IQ 



Example 


Characteristics 






sity 


Compressive Strength (kg/cm^) 








Compressive Strengdi 


Unevehness 


36 


o 


1.0 


310 


32 


37 


o 


1.2 


473 


29 


38 


o 


1-0 


482 


31 


39 


o 


0.9 


360 


25 


40 


o 


0.9 


250 


29 


41 


o 


0.9 


304 


32 


42 


o 


1-1 


- 498 


30 


43 


o 


1.1 


264 


28 



25 

Table4(0 





Example 


Material Component (wt%) 


Autoclave Curing Ten^ 
fC) 


30 




Ca Compound (kind and 
wl%) 


Coal Ash 


Blowing Ag^ 






44 


50(a) 


50 


000 


250 






30 (a) 20 (b) 


50 


0,07 


250 


35 




20 (a) 30 (b) 


50 


0.30 


250 




45 


50(a) 


50 


0.00 


150 






' 30 (a) 20(b) 


50 


0.07 


150 


40 


46 


20 (a) 30 (b) 
60(a) 


50 
40 


0.30 
0.00 


150 
180 


m 




30 (a) 30 (b) 


40 


0.30 


180 






60(a) 


40 


0.00 


180 


^ 45 


47 


40(a) 


60 


0.00 


200 






25(b) 25(c) 


50 


0.19 


200 






40(a) 


60 


0.00 


200 


50 


48 


20 (a) 20 (b) 


60 


0.20 


160 




20 (a) 20 (b) 


60 


0.00 


160 






20 (a) 20 (b) 


60 


0.20 


160 



55 
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Table 4 (0 (oontirajed) 



ExanipiG 


Material Component (wt%) 


Autoclave Curing Temp. 




Ca Compound (kind and 
wt%) 


Coal Ash 


Blowing Agent 




49 


20 (a) 20 (b) 


60 


0.20 


180 




20 (a) 20 (b) 


60 


0.00 


180 




20 (a) 20(b) 


60 


0.20 


180 


Note 1: in the item of Ca Compound, (a) means common portland cement, (b) means CaO and (c) means 
Ca(OH)2. 

Note 2: In the rtem of Material Component, the order of pouring is denoted by tqpper, middle and lower steps. 



IS 



Table 4 (10 



20 


Example 


Characteristics 






Appearance 


Absolute Dry Bulk Den- 
sity 


Compressive Strength (kg/cm^ 


25 








Compressive Strength 


Unevenness 


44 


o 


1.0 


313 


33* 




45 


o 


0.9 


325 


35 




^ 


o 


0.6 


421 


26 


30 


47 


o 


0.7 


433 


27 




48 


o 


1.1 


500 


46 




49 


o 


1.0 


354 


34* 



* The curing was not carried but. 

35 



Comparative Examples 1 to 9 

Fly ashes having a bulk density of 0.5 to 1 .2 g/cm^ and an average particle diameter of 1 to 60 ^m (components: 
40 30-80% by weight of SiOg, 1 8-40% by weight of AI2O3 and 1 5% by weight or less of Fe203) were used as coal ashes, 
and 4 kinds of calcium oxide, calcium hydroxide, calcium cartx^nate and common portfand cement having an average 
partide diameter of 1 to 100 |im were used as calcium compounds, and they were mixed in various weigfit ratios. Next. 
10 to 30% by weight of water and a water redudng agent were added and mixed to obtain various kinds of mixtures. 
These mixtures were used in the same manner as in Examples 1 to 1 6. thereby preparing solids containing the coal 
45 ashes. 

Table 5 shows bulk densities and average particle diameters of the coal ashes used in the respective comparative 
examples, aluminum contents In the coal ashes, kinds of caldum compounds, blend amounts of the coal ashes and the 
calcium compounds, and temperatures of the autodave treatment In Comparative Example 24. the solid was ciu-ed at 
SO^C for 20 hours without doing the autodave curing. 
so For the thus oirtained solids, appearance was observed, and compressive strength and dimensional stability in 
water were also measured. Table 5 shows the results of these tests. The tests were carried out by the same procedures 
as in Examples 1 to 16. 



ss 
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Table 5(0 



5 


Comp. Example 


Material Conponent (wt%) 






Coal Ash 






/vnount Or uoai Asn 
(wt%) 


Bulk Density (g^cm^) 


Average Particle 
Diameter (^m) 


Amount of AI2O3 
(wt%) 


10 


1 


100 


1.1 


13 


21 




2 


85 


0.5 


20 


23 




3 


80 


^J^ 


1 


24 




4 


80 , 


1.1 


60 


30 


15 


5 


70 


1.1 


16 


40 




6 


70 


1.2 


16 


18 




7 


80 


1.1 


30 


24 


20 


8 


80 


1.1 


30 


23 




9 


30 


0.8 


16 


20 



25 



Table 5 (10 



30 


Comp. Example 


Material Component 
(wt%) 


Autoclave Curing Tempi 
CC) 






Ca Compound (Idnd and 
wl%) 






1 




180 


35 


2 


15(b) 


180 




3 


20(c) 


160 




4 


20(c) 


160 




5 


15(a) 15(b) 


140 


40 


6 


30(e) 


140 




7 


20(b) 


100 




8 


20(b) 


Vapor Curirtg 


45 


9 


70(a) 


140 




Note: In the item of Ca Connpound, (a) means common portland cement, 
(b) means CaO, and (c) means gypsum. 



so 
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Table 5 (III) 



5 



Coittp. ExamplB 


Characteristics 




Appearance 


Compresave Strength (kg/cm^ 


Dimensional Stability (%) 






Cornpr6Ssive Stroigth 


Un Gsvenn gss 




1 


Y 

A. 








2 


O 


227 


50 


0.019 


3 


O 


299 


30 


0.014 


4 


o 


306 


51 


0-016 


5 


o 


360 


61 


0.018 


6 


X 








7 


O 


195 


31 


0.031 


8 


X 








9 


O 


441 


45 


0.040 



Comparativ e Examples 10 to 18 

25 Slurries for molding were prepared under conditions that the mixing ratio of a coal ash was set to 30-100% by 
weight the mixing ratio of a calcium compound was set to 70-0% by weight, and after the mixing of a blowing agent, 
water was added thereto in an amount of 20 to 100% t>y weight based on the weight of a solid content. Fly ashes having 
a bulk density of 0.5 to 1 .4 g/cm^ and an average particle diameter of 1 to 60 pm (components: 30-80% by weight of 
Si02. 24-40% t^y weight of AI2O3 and 1 5% by weight or less of Fe203) were used as the coai ashes, and 3 kinds of cal- 
30 cium oxide, common portland cement and gypsum were used as the calcium compounds. 

These slurries were used in the same manner as in Examples 17 to 35, thereby preparing soiids containing the coal 
ashes. In Comparative Example 1 7, however, vapor curing was carried out witiiout dc^ng an autoclave treatment. . 

Table 6 shows bulk densities and average particle diameters of the coal ashes used in the respective comparative 
examples, aluminum contents in tiie coal ashes, kinds of calcium compounds, blend amounts of tiie coal ashes and the 
35 calcium compounds, and temperatures of the autoclave treatment. 

For the thus obtained solids, appearance was observed, and compressive strength and dimensional stability in 
water were also measured. Table 6 shows the results of these tests. The tests were carried out by the same procedures 
as in Examples 1 7 to 35. 



40 

Table 6 (I) 





Comp. Example 


Material Component (wt%) 






Coal Ash 


45 




Amount of Coal Ash 
{wt%) 


Bulk Density (g/cm^) 


Average Parttole 
Diameter (|im) 


Amount of AI2O3 
(wt%) 




10 


100 


1.3 


11 


24 




11 


60 


0.5 


28 


27 


SO 


12 


55 


1.4 


1 


29 




13 


50 


1.0 


60 


29 




14 


60 


1.2 


29 


40 


55 


15 


80 


1.2 


11 


24 




16 


50 


1.0 


14 


28 




17 


80 


1.3 


11 


26 
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Tatde 6 (O (oonfinued) 



Comp. Example 


Material Component.(wt%) 




Coal Ash 




Amount of Coal Ash 
(wt%) 


Bulk Density (g^cnri^) 


Average PiarticJe 
Diameter (pm) 


Amount of AI2O3 
{wt%) 


18 


30 


1.1 


30 


27 



Table 6 (10 



Comp. Example 


Material Component 
(wt%) 


Autoclave Curing Temp. 
f^C) 


Characteristics 




Ca Compound (kind and 
wt%) 




Appearance 


10 




130 


X 


11 


20 (a) 20 (b) 


160 




12 


25 (a) 20 (b) 


180 


0 


13 


40 (a) 10 (b) 


180 




14 


20 (a) 20 (b) 


160 


0 


15 


20(e) 


130 


X 


16 


40 (a) 10 (b) 


100 


0 


17 


20(b) 


Vapor Curing 


0 


18 


40 (a) 30 (b) 


160 


0 


Note: In the item of Ca Compound, (a) means common portland cement, (b) means CaO, 
and (c) means gypsum. 



Table 6 (III) 



Comp. Example 


Characteristics 




Absolute Dry Bulk Den- 
sity 


Compressive Strength (kg/cm^ 


Dimensional Stability (%) 






Compressive Strength 


Une/enness 




10 










11 


0.50 


29 


10 


0.023 


12 


0.28 


5 


1 


0.028 


13 


0.35 


4 


2 


0.026 


14 


0.49 


28 


11 


0.031 


15 










16 


0.36 


5 


1 


0.059 


17 


0.88 


30 


6 


0.020 


18 


0.48 


9 


2. 


0.060 
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Comparative Examples 19 to 23 

Solids Gontaining a coal ash were prepared by the same procedure as in Examples 36 to 49 under conditions that 
the weight ratio of the ooaf ash to a calcium compound was set to 70-80% by weight, and 3 kirvis of caicium- oxide, com- 
5 mon Portland cement and gypsum were used as the caldum compounds. In Comparative Example 19 to 22, the thick- 
ness of each layer was 30 mm, and in Comparative Example 23. a single layer having a thickness of 90 mm was 
formed. Furthermore, in Comparative Example 22, vapor curing was carried out for 20 hours without ctoing an autoclave 
treatment. 

Table 7 shows the kinds of calcium compounds, blend amounts of the coal ash and the calcium compounds, and 
70 amounts of a blowing agent to be used every layer. In addition, temperatures of the autoclave treatment are also shown. 
For the thus otMained solids (90 x 90 x 150 mm), appearance was observed, and compressive strength and abso- 
lute dry bulk densities were also measured. Table 7 shows the results of these tests. The tests were carried out by the 
same procedures as in Examples 36 to 49. 

IS 

Table 7 (I) 



Example 


Material Component (wt%) 


Autoclave Curing Temp. 
(^C) 




Ca Compound (kind and 
wt%) 


Coal Ash 


Blowing Agent 




19 


0 


100 


0,00 


180 




0 


100 


0.20 


180 




0 


100 


0.35 


180 


20 


50(e) 


50 


0.00 


150 




50(e) 


50 


0.10 


150 




50(e) 


50 


0.30 


150 


21 


20(a) 


80 


0.00 


100 




10(a) 10(b) 


80 


0.07 


100 




10(a) 10(b) 


80 


0.27 


100 


22 


30(a) 


70 


0.00 


Vapor Curing 




30(a) 


70 


0.15 


Vapor Curing 




30(a) 


70 


0.40 


Vapor Curing 


23 


15(a) 15(b) 


70 


0.08 


180 


Note 1 : in the item of Ca Compound, (a) means common portland cement, (b) means CaO and (e) means 
gypsum. 

Note 2: In the item of Material Component, the order of pouring is denoted by upper, middle and lower steps. 



Table 7 (11) 



ExaiT^le 


Characteristics 




Appearance 


Absolute Dry Bulk Den- 
sity 


Compressive Strength (kg/cm^ 








Compressive Strength 


Unevenness 


19 


X 








20 


X 
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laUe 7 (II) (oontinued) 



Example 


Ch€Ucicteristics 




Appearance 


Absolute Dry Bulk Den- 
sity 


Compressive Strength (kg/cm^ 








Conpressive Strength 


Unevenness 


21 


O 


0.9 


177 


51 


22 


X 








23 


O 


0.9 


198 


30 



As is apparerrt from the examples and the comparative examples, a coal ash solid prepared by the process of the 
present invention has an excellent dimensional stability and a high strength. Furthermore, a light-weight soOd and a 
light-weight multi-layer solid prepared by the process of the present invention additionally have the merit of weight 
reduction. Incidentally, a light-weight solid and a light-weight multi-layer solid prepared by using a foaming agent or by 
introducing previously formed air bubbles into a slurry can have the same structure as in the case of using a blcfwing 
agent and can also possess similar features. 

Claims 

1 . A process for preparing a solidified material containing a coal ash which comprises a first step of mixing the coal 
ash with a calcium compound to obtain a mixture, and a second step of molding the mixture to obtain a molded arti- 
cle, 

the coal ash having a bulk density of 0.8 gfanrP or more and an average particle diameter of 5 to 40 |im, 
an aluminum content in the coal ash being 35% by weight or less In terms of Al2b3, 

in the first step. 40 to 95 parts by weight of the coal ash being mixed with 60 to 5 parts by weight of the calcium 
compound, and 

after the second step, a third step being carried out in which the molded article obtained in the second step is 
sukyected to a hydrothermal treatment at a temperature of 120*^0 or more urxler a high pressure. 

2. A process for preparing a solidified material containing a coal ash which comprises a first step of mixing the coal 
ash with a calcium compound to obtain a mixture, and a second step of molding the mixture to otstain a molded arti- 
cle, 

the coal ash having a bulk density of 0.8 g/cm^ or more and an average particle diameter of 5 to 40 |im, 
an aluminum content in the coal ash being 35% by weight or less in terms of AI2O3, 

in the first step, 40 to 90 parts by weight of the coal ash being mixed with 60 to 1 0 parts by weight of the calcium 
compound, one selected from the group consisting of a t>lowing agent and a foaming agent, and water, arKf 

after the second step, a third step being carried out in which the molded article obtained in the second step is 
subjected to a hydrothermal treatment at a temperature of 12a°C or more under a high pressure. 

3. A process for preparing a solidified material containing a coal ash which comprises a first step of mixing the coal 
ash with a calcium compound to ot>tain a mixture, and a second step of molding the mixture to ot)tain a molded arti- 
cle, 

the coal ash having a bulk density of 0.8 g/cm^ or more and an average particle diameter of 5 to 40 jim. 

an aluminum content in the coal ash being 35% by weight or less in terms of AI2O3, 

in the first step.^ 40 to 90 parts by weight of the coal ash being mixed with 60 to 1 0 parts by weight of the calcium 
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compound and water, and air bubbles being blown imto this nuxture, and 

after the second step, a third step being carried out in which the molded article ofc>tained in the second step is 
sutsjected to a hydrothermal treatment at a temperature of 120"C or more under a high pressure 

4. A process for preparing a solidified material containing a coal ash which conprises a first step of mixing the coal 
ash with a calcium compound to otstain a mixture, and a second st^ of molding the mixture to obtain a molded arti- 
cle. 

10 the coal ash having a bulk density of 0.8 g/arfi or more and an average particle diameter of 5 to 40 \m, 

an aluntinum content in the coal ash being 35% by weight or less in terms of AI2O3. 

in the first step, 10 to 90 parts by weight of the coal ash being mixed with 90 to 1 0 parts by weight of the calcium 
IS compound, one selected from the group consisting of a blowing agent and a foaming agent, and water to obtain 

two or more mixtures which are different from each other in at least one selected from the group consisting of 
the kinds and amounts of coal ash, calctum compound, blowing agent or foaming agent, and water. 

in the second step, the two or more mixtures being molded in a laminate state, and 

20 

after the second step, a third step being carried out in which the molded article obtained in the second step is 
subjected to a hydrothermal treatment at a temperature of 120^0 or more under a high pressure 

5- A process for preparing a solidified nnateriaf containing a coal ash which comprises a first step of mixing the coal 
^ ash with a calcium compound to ot>tain a mixture, and a second step of molding the mixture to obtain a molded arti- 
cle. 

the coal ash having a bulk density of 0.8 g/cm^ or more and an average particle diameter of 5 to 40 pm, 

30 an aluminum content in the coal ash being 35% by weight or less in terms of AI2O3. 

in the first step. 10 to 90 parts by weight of the coal ash being mixed with 90 to 1 0 parts by weight of the caldum 
compound and water to obtain two or more mixtures which are different from each other in at least one selected 
from the group consisting of the kinds and amounts of coal ash. caldum compound and water, and a predeter- 
35 mined amount of air buk>bles is blown into each of the two or more mixtures, 

in the second st^, the two or more mixtures being molded in a laminate state, and 

after the second st^, a third step being carried out in which the molded artide obtained in the second step is 
^ subjected to a hydrothermal treatment at a temperature of 120°C or more under a high pressure 

6. The process for preparing a solidified material containing a coal ash according to any one of Claims 1 to 5 wherein 
the mokjed artide obtained in the second step Is cured at 30 to 1 00°C. prior to the third step. 

4s 7. The process for preparing a solidified material containing a coal ash according to Claims 1 to 5 wherein the caldum 
compound is one or any connbination of caldum compounds selected from the group consisting of caldum oxkJe, 
caldum hydroxide, caldum carbonate and caldum silicate. 

PatentansprQche 

50 

1- Veriahren zur Herstellung eines verfestigten Materials, das Kbhienasche enthait umfassend einen ersten Schritt 
des Vermischens der Kbhienasche mit einer Kalziumverbindung. um ein Gemisch zu eriialten. und einen zweiten 
Schritt des Fbrmens des Gemisches, um dnen FormkOrper zu eriialten, 

55 wobel die Kbhienasche eine SchOttdlchte von 0,8 g/cm^ Oder mehr und einen mittleren Teilch^urchmesser 

von 5 bis 40 ^m aufweist 

wdbei der Aluminiumgehah in der Kohlenasche. berechnet als AI2O3. 35 Gew.-% oder weniger ausmacht. 
wobei im ersten Schritt 40 bis 95 Gewichtsteile Kbhienasche mit 60 bis 5 Gewichtsteilen Kalziumvertxndung 
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vermischtwerden, und 

nach dem zweiten Sdiritt ein dritter Schrrtt durchgefOhrt wind, bei dem der im zweiten Schritt erhaltene Fbrm- 
kOrper einer Hydrotfiermal-Behandlung bet einer Temperatur von 120*0 Oder mehr unter hohem Druck unter- 
zogen wird. 

2. Verfahren zur Herstellung eines verfestigten Materials, das Kohlenasche enthaft, umfasserxj einen ersten Schritt 
des Vermischens der Kohlenasche mit einer Kalziumverbindung. um ein Gemisch zu erhaiten, und enen zweiten 
Schritt des Fbrmens des Gemisches. um einen Formkdrper zu eriialten. 



10 



wobei die Kohlenasche eine Schcmdichte von 0.8 g/cm? Oder mehr und einen mittieren Teilchendurchmesser 
von 5 bis 40 pm aulweist 

woljei der Aluminlumgehalt in der Kohlenasche, berechnet als AI2O3. 35 Gew.-% Oder weniger ausmacht, 
wobei im ersten Schritt 40 bis 90 Gewichtsteile Kohlenasche mit 60 tsis 10 Gewichtsteilen Kaiziumveibindung,. 
einem Element der Gruppe. die aus einem Treibmittel und einem Schdumer besteht und Wasser vermischt 
IS werden. und 

nach dem zweiten Schritt ein dritter Schritt durchgefOhrt wild, bei dem der im zweiten Schritt erhaltene Form- 
kdrper einer Hydrothenmal-Behandlung bet einer Temperatur von 120<'C oder mehr unter hohem Druck unter- 
zogenwird. 

20 3. Verfahren zur Herstellung eines verfestigten IMaterials. das Kohlenasche enthait. umfassend ein^ erstei Schritt 
/f^^^. des Vermisciiens der Kohlenasche mit einer Kalziumvertxndung, um ein Gemisch zu ertialten. und einen zweiten 

- Schritt des Fbrmens des Gemlsches, um einen Formkarper zu eriiaiten, 

wobei die Kohlenasche eine SchOttdichte von 0.8 g/arP oder mehr und einen mittieren Teilchendurchmesser 
25 von 5 bis 40 jLim aufwetst, 

wobei der Aluminiumgelialt in der Kohlenasche, berechnet als AI2O3, 35 Gew.-% oder weniger ausmacht. 
wobei im ersten Schritt 40 bis 90 Gewichtsteile Kohlenasche mit 60 bis 10 Gewichtsteilen Kalziumverbindung 
und Wasser vemiischt und Luflblasen in dieses Gemisch eingeblasen werden und 

nach dem zweiten Schritt ein dritt©- Schritt durchgefOhrt wind, bei dem der im zweiten Schritt erhaltene Form- 
30 kdrper einer Hydrdthermal-Behandlung bei einer Tenperatur von 1 20*^0 Oder m^r unter hohem Druck unter- 

zogenwird. . 

4. Verfahren zur Herstellung eines verfestigten Materials, das Kbhl^iasche enthait umfassend einen ersten Schritt 
des Vermischens der Kohlenasche mit einer Kalziumverbindung, um ein Gemisch zu erhalten, urul einen zweiten 
35 Schritt des Formens des Gemisches, um einen Formkdrper zu ertialten. 

wot^i die Kohlenasche eine SchOttdichte von 0,8 g/cmP oder mehr und einen mittieren Teilchendurchmesser 
von 5 bis 40 fifh aufweist, 

wobei der Aluminiumgehalt in der Kohlenasche. berechnet als AI2O3. 35 Gew.-% oder weniger ausmacht. 
40 wobei im ersten Schritt 10 bis 90 GewiciitsteHe Kohlenasche mit 90 bis 10 Gewichtsteilen l^lziumverfoindung. 

einem Element der Gruppe. die aus einem Treibmittel und einem Schaumer besteht und Wasser vermisctrt 
^^•^ werden. um zwei oder mehrere Gemische zu erhalten, die sich voneinander in zumindest einem der Faktoren 

unterscheiden, der aus der Gruppe ausgewahit sind. die aus der Art und Menge der Kohlenasche, der Kalzi- 
umverbindung, des Treibmittels oder des Schaumers und des Wassers besteht 
<5 wctoei die zwei Oder mehr Gemische im zweiten Schritt zu einem Laminatzustand gefbrmt werden und 

nach dem zweiten Schritt ein dritter Schritt durchgefOhrt wird. bei dem der im zweiten Schritt erhaltene Form- 
kOrper einer Hydrothemrial-Behandlung bet einer Temperatur von 120**C oder mehr unter hohem Druck unter- 
zogen wird. 

so 5. Verfahren zur Herstellung eines verfestigten Materials, das Kohlenasche enthait umfassend einen ersten Schritt 
des Vermischens der Kohlenasche mit einer KalziumvertDindung. um ein Gemisch zu erhaltea und einen zweiten 
Schritt des Fbrmens des Gemisches. um einen FbrmkSrper zu erhalten. 

wotsei die Kohlenasche eine SchOttdichte von 0.8 g/cm^ oder mehr und einen mittieren TeilchendurGhmesser 
55 von 5 bis 40 fim aufweist 

wdoei der Aluminiumgehalt in der Kohlenasche, berechnet als AI2O3. 35 Gew.-% oder weniger ausmacht 
wobei im ersten Schritt 10 bis 90 Gewichtsteile Kohlenasche mit 90 bis 10 Gewichtsteilen Kalziumverbindung 
und Wasser gemischt werden, um zw^ oder m^rere Gemische zu ertiaften, die sich voneinander in zumin- 
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dest einem der F^ktoren untersdieiden; die aus der Gruppe ausgewdhit sind, die aus der Art und Menge der 
Kbhlenasche. der KalziumverbirKiung und des Wassers besteht und eine vorbestimmte Menge Lxiflfoiasen in 
jedes der zwei Oder mehreren Gemische eingefolasen wird, 

wobei die zwei Oder mehreren Gemische im zweiten Schritt zu einem Laminatzustand geformt werden und . 
5 nadi dem zweiten Schritt ein dritter Schritt durchgef Qhrt wird, bei dam der im zweiten Schritt erhaltene Form- 

kdrper einer Hydrothermai-Behandlung bei einer Temperatur von 12(rC Oder mehr unter hohem Druck unter- 
zogen wird. 

6. Verfahren zur Herstellung eines Kbhlenasche enthaltenden. verfestigten Materials nach einem der AnsprOche 1 bis 
10 5. worin der im zweiten Schritt erhaltene FormkOrper vor dem dritten Schritt bei 30-1 OCT C gehdrtet wird. 

7. Verfahren zur Herstellung eines Kohlenasche enthaltenden, verfestigten Materials nach Anspruch 1 t^is 5, worin die 
KsUziumverbindung eine Oder eine belieblge Kombination von KalziumvertMndungen ist die aus der Gruppe aus- 
gewahlt sind. cGe aus Kalziumoxid, Kalziumhydroxid, Kalziumcarbonat und Kalziumsilikat besteht. 

IS 

Revendicatlons 

1. Proc^6 de preparation d'un mat^riau solidifi^ contenant des cendres de chartson, qui comprend une premiere 
etape de melange des cendres de charbon avec un compost de caldunvpour okstenir un melange et une deuxi^e 

20 etape de moulage du melange pour obtenir m article mouie, 

les cendres de charbon ayant une density apparertte de 0,8 g/cnfi ou plus et un diam^tre moyen des particules 
de 5 ^ 40 Mm. 

une teneur en aluminium dans les cendres de charbon 6tant de 35% en poids ou nioins en termes de AI2O3, 
25 dans la premidre etape, 40 § 95 parties en poids des cendres de chartxsn etant meiangees ^ 60 ^ 5 parties en 

poids du con^x>se de calcium, et 

apres la deuxi^miB etape. une troisidme etape etant effectuee. dans laquelle Tartrcle mouie obtenu k la 
deuxieme etape est soumis k un traitement hydrothermtque k une temperature de 120*'C ou plus sous une 
haute pression. . ^ 

30 

2. Precede de preparation d'un materiau solidifie contenant des cendres de charbon qui comprend une premiere 
etape de melange des cendres de chartsoii avec un compose de calcium, pour otstenir un melange et une 
deuxieme etape de moulage du melange pour obenir un article mouie, 

35 les cendres de chart>on ayant une densite apparente de 0,8 g/anrP ou plus et un diametre moyen de particules 

de 5 ^ 40 ^m. 

une teneur en aluminium dans les cendres de chartx>n etant de 35% en poids ou moins en termes de AI2O3, 
^ ia premiere etape. 40 & 90 parties en pokls des cendres de chartjon etant meiangees ^ 60 ^ 10 parties en 
poids du compose de calcium, un seiectionne dans le groupe consistant en un agent gonflant et un agent 
40 moussant et de Teau. et 

apres la deuxieme etape. une foisieme etape etant effectuee dans laquelle Tartide mouie obtenu k la 
deuxi^e etape est soumis k un traitement hydrothermique k une temperature de 120^G ou plus sous une 
haute pression. 

45 3. Procede de preparation dXin materiau solidifie contenant des cendres de charbon qui comprend une premiere 
etape de melange des cendres de chart>on avec un compose de caldum pour obtenir un melange et une deuxieme 
etape de moulage du melange pour ot^tenir un artide mouie, 

les cendres de chartx^n ayant une densite apparente de 0.8 g/cm^ ou plus et un diametre moyen de particule 

so de 5 d 40 MHi. 

une teneur en aluminium dans les cendres de charbon etant de 35% en poicte ou moins en termes de AI203, 
dans la premiere etape. 40 ^ 90 parties en poids des cendres de charbon etant meiangees ^ 60 ^ 10 parties 
en poids du compose de caldum et de I'eau. et des bulles d'air etant souffiees dans ce melange, et 
apres la deuxieme etape, une troideme etape etant effectuee dans laquelle Tartide mouie obtenu k la 

55 deuxieme etape est soumis k un traitement hydrothermique k une temperature de 120^0 ou plus sous une 

haute pression. 

4. Procede de preparation d'un materiau solidifie contenant des cendres de chart>on qui comprend une premiere 
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§tape de melange des cendres de charbon avec un compost de caJdum pour obtenir un melange et une deuxi^me 
6tap6 de moutage du m^ange pour obtenir un article mouI6. 

les cendres de chartxsn ayant une density apparente de 0,8 gfarP ou plus et un diain^e mo/en de particule 
de de 5 d 40 tim. 

une teneur en aluminium dans les cendres de chartxjn 6tant de 35% en poids ou moins en termes de Ai203i 
dans la premiere 6tape, 1 0 ^ 90 partis en poids des cendres de charbon 6tant m6lang6es ^ 90 ^ 10 parties 
en poids du compost de calcium, un s6lectionn6 dans le groupe oonsistant en un agent gonflant et un agent 
moussant et de I'eau pour obtenir deux melanges ou plus qui sont diff^rents I'un de i'autre en au moins un 
s§lectlonn§ dans le groupe consistant. en types et quantit^s des cendres de chartx)n du compost de calcium 
de ragent gonflant ou de ragent moussant et de I'eau, 

k la deuxi^me 6tape. les deux melanges ou plus 4tant moules k un i§tat stratifi6. et 

apr^ ta deuxidme 6tape, une trotsl^me ^tape dtant effectu^e dans iaquelle Particle mould obtenu k la 
deuxidme dtape est soumis k un traitement hydrothermique k une temperature de 120^*0 ou plus sous une 
haute pression. 

Proc6d6 de pr^aration d'un mat6riau solidifi6 contenant des cendres de chaitx)n qui comprend une premise 
etape de melange des. cendres de chart>on avec un compost de catdum pour ot>tenir un melange et une.deuxi^e 
6tape de moulage du melange pour obtenir un artide mould, 

les cendres de charbon ayant une density apparente de 0,8 g/cm? ou plus et un diamdtre moyen de particule 
de 5 ^ 40 tim. 

une teneur en aluminium dans les cendres de chart>on dtartt de 35% en poids ou moins en termes de Ai203, 
dans la premiere dtape, 1 0 ^ 90 parties en poids des cendres de chart>on §tant melangdes ^ 90 d 10 parties 
en poids du compose de calcium et de I'eau pour obtenir deux melanges ou plus qui sont diffdrents Tun de 
Tautre en au moins Tun sdlectionnd dans le groupe consistant en types et qucmtitds des cendres de charbon 
du compose de caldum et de Teau et une quantity prdddterminde de bulles d'atr est soufflte dans chacun des 
deux melanges ou plus. 

k (a deuxidme dtape, les deux melanges ou plus dtant moulds k un dtat stratifid. et 

aprds la deuxidme dtape. une trotsidme dtape dtant effectude dans Iaquelle I'article mould obtenu k la 
deuxidme dtape est soumis k un traitement hydrothermique k une tempdrature de 120''C ou plus sous une 
haute pression. 

Procddd de prdparation d'un matdriau solidifid contenant des cendres de charbon selon Tune queloonque des 
revendicatibns 1 & 5 oD Tarttde mould obtenu k la deuxidme dtape est durd entre 30 et lOO^^C, avant la troisidme- 
dtape. 

Procddd pour la prdparation d'un matdriau solidifid contenant des cendres de chartxsn selon les revendications 1 
d 5 ou le oomposd de caldum est l\jn ou toute combtnaison de composds de caldum sdlectionnds dans le groupe 
consistant en oxyde de caldum. hydroxyde de caldum. cartx>nate de caldum et silicate de caldum. 
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